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Introduction 

Hypertension has been identified by the 

World Health Organization (WHO) as 

one of the important risk factors for 

enhancing morbidity and mortality 

worldwide and is responsible for 9 million 

deaths annually worldwide (1). 

Hypertension is defined as systolic blood 

pressure (SBP) ≥140 mmHg and/or 

diastolic blood pressure (DBP) ≥90 

mmHg (2), with its prevalence 

dramatically increasing in different 

countries, affecting 1.4 billion of the 

world population (3). Hypertension is 

recognized as the main modifiable risk 

factor for cardiovascular disease and is 

associated with adverse cardiovascular 

outcomes, such as heart failure, stroke, 

myocardial infarction, and death (4). High 

sodium and low potassium ingestion, 

sedentary lifestyle, obesity, alcohol 

consumption, and an unhealthy diet play 

an important role in hypertension 

pathogenesis, and the reduction of these 

risk factors is recommended for the 

prevention and control of hypertension 

disease (5). 

Almost one-third of the world population 

is overweight or obese, which, in turn, is 

a significant risk factor for different 

conditions such as hypertension, non-

alcoholic fatty liver disease (NAFLD), 

cardiovascular diseases, metabolic 

syndrome, certain types of cancer, 

hypercholesterolemia, musculoskeletal 

disorders, and type 2 diabetes (6). Excess 

body weight, especially enhancing 

visceral fat, is the main risk factor for 

hypertension, accounting for 65% to 75% 

of the risk of essential hypertension in 

humans, and an increase in body mass 

index (BMI) causes an increase in the risk 

of hypertension (7). On the other hand, 

animal studies have suggested that 

hypertension results from obesity induced 

by a high-fat diet (8), emphasizing the 

pathological effects of obesity on blood 

pressure in animal samples. 

Despite the role of obesity and a high-fat 

diet in promoting blood pressure, lifestyle 

intervention, including weight loss, 

should be considered the first step in 

hypertension management, especially in 

overweight and obese individuals. Weight 

loss induced by dietary intervention alone 

or with exercise training, drugs, or 

bariatric surgery can lower blood pressure 

in hypertensive patients in a dose-

dependent manner (9). Therefore, 

nonpharmacological interventions such as 

exercise training have attracted a lot of 

attention for the treatment of hypertension 

(10, 11). Conducted research indicates 

that exercise training decreases blood 

pressure in approximately 75% of 

hypertension subjects, with systolic and 

diastolic BP reductions averaging 

approximately 11- and 8-mm Hg, 

respectively. Moreover, the decrease in 

blood pressure with exercise training may 

be more pronounced in women than men, 

and exercise training can be associated 

with further benefits in middle-aged 

people with hypertension compared to 

young or older people (12). However, 

identifying the mechanisms of blood 

pressure reduction with exercise training 

in hypertensive patients needs further 

research. Due to the high-fat diet's role in 

inducing hypertension in rodents, cardiac 

parameters in high-fat-fed rats were 

recorded in this study after a six-week 

endurance training program. 

Materials and methods 

Animal Allocation 
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In this experimental study, 21 male Wistar 

rats weighing 200-250 g were procured 

from Kerman Medical University. All 

animals were housed in the Laboratory 

Animal Care Center, with four rats in each 

separate cage, maintained at an ambient 

temperature of 23 °C, humidity between 

45 to 60%, and under a 12:12 h light–dark 

cycle. 

The animals were acclimated to the new 

environmental conditions for one week. 

Subsequently, the rats were assigned to 

three equal groups: normal diet (C), high-

fat diet group (HF), and high-fat diet + 

endurance training group (HF+T). 

Fourteen rats were initially fed a high-fat 

diet (60% calories from fat) for 12 weeks 

and were then randomly divided into the 

HF and HF+T groups. Meanwhile, the 

seven rats in the normal diet group were 

fed a standard diet for the entire 12-week 

period. 

In the next phase, a six-week intervention 

(exercise training or a sedentary lifestyle) 

was implemented, and animals continued 

their previous diet (normal diet or high-fat 

diet) during this period. Throughout the 

intervention, all animals had unrestricted 

access to rat-specific water and food 

(high-fat diet for HF and HF+T groups, 

and normal diet for the C group). 

Exercise Training Protocol 

The exercise training program in the 

present study was of the endurance type 

and conducted on a rodent-specific 

treadmill with a zero-degree slope. The 

regimen involved sessions held 5 days per 

week over a six-week period, with each 

session lasting 70 minutes. The treadmill 

speed initiated at 15-18 meters per minute 

(m.min-1) in the first week and 

progressively increased throughout the 

training program, reaching 26 m.min-1 in 

the final week. 

Each training session comprised a 10-

minute warm-up phase at 10-12 m.min-1, 

followed by a 50-minute main part of the 

endurance training session, ranging from 

15-26 m.min-1, and concluding with a 10-

minute cooldown at 10 m.min-1 (13). The 

properties of the endurance training 

protocol over the six weeks are detailed in 

Table 1. 
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High Fat Diet 

The normal diet group was provided with 

a pelletized diet (Laboratory Rodent Base 

Food) purchased from the Laboratory 

Animal Care. In contrast, the high-fat diet 

used in this study comprised animal 

pelletized rodent diet consisting of 60 

percent fat, sourced from the Royan 

Research Institute. The high-fat diet was 

consumed by the HF and HFE groups for 

12 weeks before the initiation of 

endurance training and continued for six 

weeks during the exercise training 

program. Throughout the study duration, 

all research groups had ad libitum access 

to either the normal diet or the high-fat 

diet, ensuring unrestricted availability of 

food and water. 

Recording of Hemodynamic Factors 

Animals were anesthetized with sodium 

thiopental (50 mg/kg). If necessary, 

complementary anesthesia by gas method, 

involving a mixture of 1% halothane, 30% 

oxygen, and 69% N2O through the 

endotracheal cannula, was administered 

during surgery. A polyethylene catheter 

filled with heparin serum (70.00) was then 

carefully directed to the left ventricle 

through the right carotid artery. Left 

ventricular systolic pressure and diastolic 

pressure indices were recorded using a 

Power Lab physiography system. 

Following the placement of the cannulas, 

a ten-minute waiting period was observed 

to allow the pressures to stabilize, during 

which hemodynamic indices were 

continuously recorded.

Statistical Analysis 

The data from the present study were 

analyzed using SPSS software version 24. 

To evaluate the normality of data 

distribution, the Shapiro-Wilk test was 

employed, indicating a normal 

distribution of the data. Between-group 

analyses were conducted using one-way 

ANOVA, complemented by the Tukey 

post hoc test (P < 0.05). 

Results 

Cardiac parameters, encompassing heart 

rate, systolic, and diastolic blood pressure, 

were recorded following 12 weeks of a 

high-fat diet and a subsequent six-week 

endurance training program, either with a 

high-fat or normal diet. Findings from the 

one-way ANOVA test revealed no 

significant difference between groups for 

heart rate (p=0.143). Consequently, it can 

be inferred that neither exercise training 

nor a high-fat diet significantly affects 

heart rate. The graphical representation of 

the rat's heart in the different groups is 

illustrated in Figure 1.  
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According to the results of the one-way 

ANOVA test, a significant difference 

between groups for systolic blood 

pressure (SBP) was observed (p=0.003). 

The Tukey post hoc test indicated that 

SBP in the HF+T group, when compared 

to the C (p=0.001) and HF (p=0.045) 

groups, and in the HF, group compared to 

the C group (p=0.044), was significantly 

higher. Figure 2 presents SBP reported as 

mean ± standard deviation for the various 

research groups.
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Based on the results of the one-way 

ANOVA test, another notable finding in 

the present study was the statistically 

significant difference between groups for 

diastolic blood pressure (DBP) (p=0.019). 

The Tukey post hoc test results indicated 

that DBP was significantly higher in the 

HF (p=0.021) and HF+T (p=0.009) 

groups compared to the C group. 

However, no significant difference was 

observed between the HF+T and HF 

groups (p=0.647). The mean ± standard 

deviation of DBP for the C, HF, and 

HF+T groups is reported in Figure 3.

Discussion 

The present study aimed to investigate the 

effect of six weeks of endurance training 

on some hemodynamic factors in high-fat 

diet-fed male rats. The main findings of 

this research indicate that systolic blood 

pressure (SBP) and diastolic blood 

pressure (DBP) significantly increased 

after receiving the high-fat diet. 

Moreover, the enhancement of SBP after 

endurance training with a high-fat diet 

was statistically significant compared to 

high-fat diet ingestion alone. However, 

neither the high-fat diet alone nor 

combined with the endurance training 

program had an impact on the heart rate in 

the rats. 

It has been previously reported that high-

fat diet feeding in rats induces 

cardiovascular remodeling, especially 

hypertension, hypertrophy, ventricular 

fibrosis, and endothelial dysfunction. 

Additionally, metabolic syndrome and its 

related disorders are known as other 

health consequences of receiving a high-

fat diet (14). Some researchers found that 

a rat model of diet-induced obesity with 

even 32% kcal as fat leads to hypertension 

(15), emphasizing the importance of a 

high-fat diet in enhancing blood pressure. 

In line with these reported findings, we 

confirmed a significant increase in SBP 

and DBP after a 60% high-fat diet. 

According to previous research findings, 

it is hypothesized that high-fat diet-

induced hypertension involves increases 

in vascular smooth muscle cells (VSMCs) 

membrane levels of long-chain fatty acids 

(FAs), contributing to increased 

membrane Ca2+ influx through the 
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augmentation of L-type Ca2+ channel 

current (25). 

Furthermore, some researchers have 

noted that obesity-induced hypertension 

mechanisms are complex and 

multifaceted, possibly related to renin-

angiotensin-aldosterone 

system/sympathetic nervous system 

overactivation, overstimulation of 

adipokines, insulin resistance, immune 

dysfunction, and structural/functional 

changes in renal, cardiac, and adipocyte 

tissues. Therefore, weight loss is 

considered an effective strategy for 

improving obesity-related hypertension 

(16). Supporting the role of weight loss in 

hypertension treatment, there is sufficient 

evidence to endorse the role of aerobic 

and resistance training (as effective anti-

obesity interventions) in the management 

of hypertension, contributing to the 

lowering of both systolic and diastolic 

blood pressures (17). 

In contrast to our findings, Batista et al 

(2023) indicated a significant decrease in 

SBP after eight weeks of high-intensity 

interval training (HIIT) in spontaneously 

hypertensive rats. The anti-hypertensive 

effect of HIIT was associated with 

increased antioxidant capacity and 

attenuation of inflammatory mediators 

(IL-6, TNF-α) (18). The contradictory 

findings compared to our research may be 

partly related to the different types of 

exerted training programs and the shorter 

training period (six compared to 8 weeks) 

in the present study. 

Some researchers attribute the anti-

hypertensive effect of endurance training 

to the reduction of systemic vascular 

resistance in patients with hypertension or 

prehypertension (19). Mechanisms such 

as a decrease in body weight and fat mass, 

down-regulation of catecholamines, 

improved insulin sensitivity, and 

alterations in vasodilators and 

vasoconstrictors have been suggested to 

explain the antihypertensive effects of 

exercise training (20). 

Despite the approved antihypertensive 

effect of exercise training, the findings of 

the present study suggest that endurance 

training cannot modulate high-fat diet-

induced hypertension. Surprisingly, an 

elevation of SBP in the trained group 

compared to the high-fat diet group was 

observed. Consistent with our research, 

Moraska et al (2000) found that exercise 

training doesn't solely have positive 

effects for rodents, and both positive and 

negative physiological adaptations were 

observed in rats after treadmill running for 

eight weeks (21). In another study, 

Church et al (2007) confirmed our 

findings and observed no significant 

changes in systolic or diastolic blood 

pressure after 6 months of exercise 

training with 50 percent of VO2peak in 

sedentary, overweight, or obese 

postmenopausal women with elevated 

blood pressure (22). 

Researchers have suggested that exercise 

training may not improve blood pressure 

for several reasons: 1) the intensity of the 

training program was low, and training at 

a higher intensity may have elicited a 

greater blood pressure response, 2) the 

conducted training program did not result 

in changes in participants' body weight, 

which might have blunted the benefits to 

blood pressure (22). Despite similar 

findings, the participants in the present 

study were rats, and the duration of the 

conducted training program was too short 
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compared to the research by Church et al 

(2007). 

Collectively, it has been reported that the 

effects of exercise training on blood 

pressure may vary depending on exercise 

modalities (e.g., endurance or resistance) 

and dose parameters, specifically program 

length, session duration, frequency, and 

workload or intensity (23). Therefore, the 

optimal exercise training prescription for 

improving blood pressure remains 

unclear. Although acute exercise can 

cause a significant increase in systolic 

blood pressure (24), there is limited 

research on chronic exercise training 

leading to an increase in blood pressure. 

Given that a high-fat diet, typically rich in 

saturated fatty acids and cholesterol, is 

associated with increased cardiovascular 

risk, in part due to an abnormal increase 

in plasma cholesterol and arterial wall 

thickness (25), an increase in blood 

pressure was expected in the animals that 

received a high-fat diet in this research. 

However, the observed endurance 

training program did not produce 

stimulation to lower blood pressure or 

attenuate the high-fat diet-induced 

hypertension. Therefore, identifying the 

mechanisms behind the inability of 

exercise training to reduce blood pressure 

and even increase blood pressure in 

hypertensive samples requires further 

investigation. 

Conclusion 

In summary, this study underscores the 

significant impact of a high-fat diet on 

elevating systolic and diastolic blood 

pressure in male rats, with an unexpected 

exacerbation of hypertension observed 

when combined with a six-week 

endurance training program. Contrary to 

prior research reporting antihypertensive 

effects of exercise, this study suggests that 

the specific endurance training regimen 

employed did not mitigate high-fat diet-

induced hypertension and, surprisingly, 

led to an increase in systolic blood 

pressure. The complex interplay between 

diet, exercise, and blood pressure 

regulation highlights the need for further 

investigations into the underlying 

mechanisms and optimal exercise 

prescriptions for effective cardiovascular 

risk management in the context of high-

fat diet-induced hypertension. 
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